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SFF OF A MAXA IC FIELD ON PEUOIWA
IN A DIODE WITH CESIUM VAPORS

by
N. D. Morgulis and Tu. I. Chutov

The effect of a magnetic field on an electron short circuit stream and an tnv

characteristis of the entire strear u.as investigated in a decelerating electric

field in a diode with cesim. vapors as a close model of a thermoelectron ener. trains-

form'; an interpretation is give on the obtained exprelw tl results.

InvestSotiens of the nature of thermoelectron transfcrmtlon of tharm 1 energy

into electric requires a general explanation o: the role of various pbIical pheno-

=nm&,wvIch take place n the surface of converter electrodes and in its interelectro-

de sepace as wel. Concentrating rec~nt3y attention on diversifiedand Important for

the operation of much a converter, phenomena in cesim plasm, which ordinarily fillz

up its nterelectrode space, we have now turned to the question regarding the effect

of a manetic field*

Questions regarding the ffect of a transverse magneti field on the perfzm noe

of a theruelectrom converter with ces vapcrs, attract inmediatelyv, the attention

in comnetion with the fact thats 1) in such a way it is possible, in principle, to

obtain directly in the converter a -rariable st .ean of necessary frequency, influe-

cing It lth a variable magnetic fieldljganddr in accordance with the theoretcal

analtysi made by -) on the fc, ,tion by the converter current an eigen magnetic field

since this my to a considerable exten,- affezt its operation. Fortunately the last

me axe fAt so dangercus, because the calculation mentioned ln 2:' was node in pure

vaectm aploxmation, while a simlar trenziormer functions ordinarily in the jWe-

sonce of Interelectrode cesimn plasm in it , where the effect of the mepetic field

should be nehc lower' Ths fact for one case has already been explained long ago

FT-1T-63-351/l.2 I



epeimentally intJ31 and only recently' theoreticall.y 0 in report by 3 . In comnnection

- :i 2o great interest to this Wablem on the whole we explained in thi report its

-:;3t;SationM to gT.ater length. Recently have been carried cut a aeries of jinter. 5

Ung~ investiptimh on the effect oC Ak transverse aapetio field on bd~pou.s ditfmic

i- cesium plasma;5 3 - There is no direct relation between our came of monopolar difft-

stanl of electron to the anmode of the converter uith cesim, plasam and this investi

5Aviofl.

The esperi-tal instrummts used by us for the basic measurementa, alike inj

oe.re cylindrical diodes with cathode with tungsten filament of a radftm of 0,15 =,

mede burning hot, as usually in these cases, in one of the AC samconductosi the

anode was nude of tantalum and represents a cylinder with protective rings with a

radius of 4 M. For a more detailed ezamimtion of pheananwhich have been obser-

ved by us into part of tb. instruments was inserte& a smUl movable cylindrical somes

(robe) similar to the one described in C1 the latter could mane in the central pet

of the Interelectrode space along the given radius with the aid of a corresponding

mumable asyska with screw threads, as is sow In fig.1 (here K r calhodet Ape nodeg

C- protective ring; A pvcbs; RS-. - movable syste)

Wie meant of utilizing this lrebe few designations, as in 6j. distribuition In

space of parameters of car plam In various conditIons at the snamate The pressure

of cesium IMPwu in the device 9 established by the tezverature of Its bottle t with

in limits of 2.5 - 24000 would be 10 -6- 0.3 ze Affo Me s1ho circuit current density

alos to the point of satuiration was am the surface af the cathode 1.and controlled

by its temperature Tk and by the Ives~aft V' and varied within Limits of fron 0002

to 2.G eaaiP., Near the surface of the anode current density was appwwizately 2.5 tUP

as mllr. The itrtment was situat~ed in an axial zmast: e field 0 which reached

400 e, which perfectly sufficient for the examined wcWbin; this in avidAel Lat

fx~ the fact that & 1) Iarmer radius ML aL 2j3F at H a 400 0 adectOJ nUM..

gy in au cam V a 0.25 - I1ev does not exceed 0.1. =i.thmn,~~ 40 and (2) m

J-~3-35114 ~2



e11. innetie field = 0.63 ZR of tpieal disk eotio of eceertw with R a 3

an I = 30 a/Cvwbieh with the simzery current of 850 a equals 60 .0 In coanaetion

with this It aeculd be said, that a sindlar cylindrical diode ith celu vapor is

OediaarU2Y9 a model for concrete real caverter, consequentl y its utilization as a

model of a simlar converter under the very sam working conditions is quite hand

and advisable for stud ng the pLuies poblem given In tis report,

We shll begin mci4in this poeWhlm with the case of two atuaU7y varlabLe s-

-i'I M PesM e.s I p = 3.10 ma Rg ( t a 900 C) and p - 0.3 =, Eg (t = 24°0C) and

quite close short circuit current valms lc. Since 1c 18 regute by cathode $u-

peatre changes 7k the, as is evident frcm the known adsorption dependence 10 f

(2k) the function of the electme outeome fronm the cathodeyk changes heres and it

means also the contact differenoe of potentials &V,,f~j. In a szdWar wW was d~t-

mined the dependence at the short excuit current 6 upon nagoee field intensity H at

certain vama lo. The dependences 1/0 obtained thereat 1/o = f (H) are given In

fig 20' Orve I corresponds to t - 90oc, I - 03 a/4zI and Tk = 250001: (=all circles),

and 10 " 1.5 a/c 2 and &j:> 250001 (wml crosses); curve 11 - t - 240(0, lo = 004

a/,W and Tk n 17000: curve M .t a 240=. 10 .2- 5 a/em2 and T = 2.OO",

It is eviden fran fig 2 that at a quite low pessure (cuve 1) and Tk- 25WO

when the free run of the electrcn. 8j 2 > R and contact difference of petentials

&k -A 2Z 1 e5 v I/Z - f () decreases reierdless of 10. That is wt these

decreases are always slewe than In case cC vautnt3. because the intensity of HeIL's

critical agnetic field equals ' 125 e. r conditions correspoiding to cumre nI
fig; whazegcn the contrery. Z-Radf b n ~*o 2 a

,$ L R ad,&Vk 1band10 OAa/cm (Bsan

in wne of the. inlaace of curve I)9the form of the curve 1/%o - f() changes notieeb-

ly eid the to of Its slopin slows dow adiderabl. 1t beens sio lar to the

cue obtained in case of bipolar diffuzion of helua plain to the walls in a naps-

tic fied[. althoL h in wu case we have dealings with nonopolar diffusion f oleo-

trans to the anode* Otherwise, in case of curve 137, when le L L R, but .k w 2.0

TD-TA 63.35V/l.2 3



I I0iI00 -6 -0

HP

li .l. Fig. 2.

S2.5 v and 10 = 2.5 a/cm Capzoxitely the same as in another case of curve "r),

the picture changes radically-here is even observed of noticeabl, rise in curve.

Iha latter is explained apparenly by the ±'aot tha during change over fron cure U

to cuv Zfl both Io and Avk incease (as result of partiaJl desc~ptio of cesium 18yer

fron the marface of tha catode). In this way,are f~'md favcable eoedttioms for

tha or€ginati.on of an ite~nsive cesium arc c isoharge X 6 as in :mgetron sonroee8

of posit:ive ions. Positivye ions in this cc.. can cause e. ditional neutr.lization of

the still ex.sting electron apeze charge near the cathode and possibly also additional

red hot gloving of the latter, which may be the cause for additional rise in cuv III.,

On the other" hand, it couald be expected that an opposite role in this case will be

played by an incease in electron. diffusion on account of reaction not onl with

atoms *but with considerably mowe effective in this respect cesium iOns. By cnpaing

the cross sections of diffusion of electrons ..y atoms nq: a and by ion s 0Qjnj.j

ad

becne eidnt tatfo 5* 0 m nd * .531 "

~T~ZL.3-~5llav2



In thi settering of electron by cesitum icas there should be no declsive role here.

Asis evdit froe aboVe statmont, the transition Into arc mode of operaltin of the

O4I favoed not only by an increase In cesium eape prere 6] but a _"

in elee stream density and contact difference at potent als. It shoal2 be sai.

that In conditio. t a 9000, Jk, 250O 0% a U.5 .I..t2 easily originate high frerue-

cy oscillations with a frequency close to 300 ks and initial amplitude Jo n O.3 M/cm2.

On these escillations (we studied sae Inlff )9 vhich have, apperenl2, a tmpcw 7
nature is also ezorted an effect by the ,pestio field;: dependence 7/7, n f (2) Is

shown in fig2' by curve IT. MkIng so far no final conclusions we nevertheless MlL

attention to the hyperbolic nature of the curve IV, in field qc.R, then '> 10 99 which

Is In comfornity with the diffusion thecerfi.l for the reaction of e0ciflatory nature.

The above listed characteristics of diodes with cesiu vapors in a agnetic field

appear also on the dependences of ratio Vie3o upo the retarding cuter anode poten-

tial, Te at varius H (10' corresponds to Ya = O) g these dependences character se the

working coition of the convere. Similar dependences for t a 9000 and 10 - 0.3 a/e=

are pesented In fig.3 in fom of contnuous curves l,293949,vh.h correspond to B 0;

j0, 80; 210 e. As in case of cume I fl g2; when ohanging over from 4 a 0.3 a/4c2

to 10- 1*5 a/cat 2 the form of the curves fig*3 ramfins unchangedo

Just Like curve I fIg@. the fanm.y of curves 1-4 fig.3 has gaalitatively the a7

same ature. as in case of a vaun diode. Actua11', curve 1, which correspoa to

H a O, as if points toward the free movoeent of electrons from cathode to anode. It

breaks awa at V& a 2,.9 which as it could be expectedvis wactioeally equal to the

contact difference of potentials Tk a 4.5a mL 18 w 2.7 v between pure and red ho to

2j a 2500g tUaen athode and the cold tantalum mode covered by a ceal lay.eo

And in this way, the cesbofthe orrected anode potential Vat a Ayk -Tk Isf d

by the lower and recurring scale along the axis of the abscissa fig3*. At a gadual

rise In mnaetic field H the zone where each curve originates is displaced in the

.5



.!.Irection of mowe positive values of the corrected anode potential VTa' as it should

take place in case of vacuum.

JAI

40 . •

N3
44, 2.

ad . , 3 .

Ve £ 1 .5 .0 o 0

It shaldl be remembered here that for the specific distribution of potential in

interelectode sp c. [63 which is characterized by tha. presence of plauna and near

anode potential Jmp. The sharp descend in curves fl.3 to the axis of ti- abscissa

can be explained by the fact, that in these conditions over the electron stream is

superimposed a noticeable stream of ces'm the'mo icn . In accr7dance with data in

fig3 with the rime in H there is slow reduction in -- 4--mm outpt led wm 73vhich

is i uranrt for the operation of the converterl; the dependence Tm - f(a) obtained

by us is Ldicated by the dotted curve I' in fig 2 . The dotted curve I in fLgo.3 in

dicates the dependence 1/1o - f(Ta) at H = 0 for high freq en AC current, which

correspnds to conditions of curv IV flg 2. In this oae, as in d.10, the value V

appeared to be sualler,than in case of curve 1 fig;.3, and the ver V3 -~ O.9 Y.

'Uch more complicated f cuac to bo ;'.rves 1/I o = f(V ). obtained in case0 a

of 8 decelerating field in c'nditiozz where they rrepond to curves II and III

t&... Le aU t = 2400C; they are ;homin ir. -- 1? wh4e d= 0,40, 80 and 210 e, and

:ospond to various desig.;io-'s. 7i- ," all we want to call attention to the

tact t4at in contrast to th. c"s-a w"ere c -3 0 C, at t = 2400 C 1/1.' does not depend

,-;n the value E in zhe irca.e raane ,of i~s values. This, is possibly, explained

: T D-'- - 3-351. ! -26



bp the fact 0 tht at41.1hR the mzgpo field affecting the electron diffusion coe

f1cient D and the magnitude of elr .tron stream from the cathode to the anode of

our diode Ca1ke w U electron stream from plam to =mhat positive lrobel.l

does not actually affect the cbaracteristio of their respective distribution accord.

ing to energies, which is quite pobable.

Curve II figo2Y,%fch corresponds to mall 1 =O.4 a/= 2 has Like In case at

vacuu a horizontal partg which extends to Va = 0.8 ve

,o . a -

0 " -o,5 "-',o -:,s -2,oiC,

Fig.j

The lesoene of an initial horizontal plot in curve 3:1 fig.e4 as Is eridnt from

smodhgthe dependences l.f(5,[7_, is connected with the eatence Ia tese can-

ditions with an aceelerating electron contact potential difference, which equals

appromtely 0.8 v. Since it is noticeably smaller than the potential of oesiiu

atom eaitation (Vb a. 1,5v)gthen all collisions between electrons and atom have

only an elastic (without noticeable energy losses) nature. In the zone of existence

of accelerating electric field potentials fomd by this potentl difference Is poem

uible, appearenatl, a drift of all electrons which came out from the cathode, to the

anode jus t as in case of queasivowi condition U6' , When chancdi over to the

condition corresposding to ca"e I in fig.4. the eontect difference of potentials

FrD-TAT-63-353/42 7



rises (&VkN 2.0 v) and already exceeds values Vb for oesiu. Tbogther with the in.-

-- 10 and p this Leads to the origination of an intensi'v. shook (gradual)

ionization, that is to the formation of of arc eondition(63. The basic mss of elec-

trons of the short circuit ourrent.VhiOh cr.Igi.at In thl Oased haY nov 08" ha IM

natural (eigen) energ this is also due for the sloping of curves II. surprising

is the presence in curve II of such a Olong I tail, which at values V. Converges with

curve 1I. The impression arises, that this is due tw thermo electrons with local

.athode sections fron which the film has been removed. It is interesting to point cute

that the optini output load Tm in cases II and MI was revealed with an Identical

V= 09 Y it ordinarily does not depend upon H. For the additional r6le which in

this case is also played by an increase in the cross section of electron diffusion

an account of reaction not only with atmnsbut also with oesim ions, we have already

stated before.

In favor of the above considerations relative to curves II and i" fig.4 speak

also the values of pwameters obtained in these coditions by interelectrode plasnag

i.e. concentration ne and temperature T. its electrons and space potential Vp of the

espective anode. With this method were measred probe oharateriatiosin conditions

clos data given in fig.4* and the ones, at t =220% H a 0 and 10 nO.0 a/u 2

(II) and 10 a 1,5 Qea 2 (In') at a certain average position (r R). of the jebe,.

the obtained oharaoteristicsare plotted in fig.5 (their scale alcng the amen of the

ordinates are different). It is evident frcm fig .5 that for the characteri tic nt
n-2. 109 ce.i3, T-50oo% Va-.35 v, and for In' u = 2-1012 ca, T.e2800F.

and VP M O5 v. Oese data in conformity with the ones obtained by([6shm, that

in case lIs we actually have quasivacuum, and in case IIII - and arc operating con-

dition of the diode and that the transition fron condition IV to condition MII' Is

connected not only th the rise In cesaum vpor pressure risebut also (at higher

pressure) with the rime in force of the electron strem and contact differenee at

potentials.

P1-T-N63-a5l,4+28
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In fig,6 is shem the dep.edn. of respective diwt circutit current imlues 1t1,

upon the value 3 at various oaln VOPct satuttics teqpmares (I -r 290,C 2 - 9000,

- 2500%Z. 097i n case t sL 29 0 Z n 0.15 0/0&2 as result of. insufficient neutralize-

tios of electron mpace charge by cesium ios and at t n 2100C Sg = 2200 OX as resuit

of partlal formtion on the cathode of a ceslus fi3M. Qwve I (--Q M~I. 38) has

a Practical. WSOUM nature s ince at Nwi n 25.9 sarding to W1ll 1/1;o0.~5*

Vith an increase in t to Z500C (czmept of case where t = 220*C) there In a regular

ascnt f t. etir cure~ due to regular increases In the dope* of electron dit.-

fusin as It has been obaemd for ezan1e In93 . In the sone t a 150 - 18000

(P a I - 3.310" = He) Is a sharp rise In the curve,9 connected, appaently, with the

ginate. In volume 71na13yq in $he %one t a 180-210ft is a further ascent of the Ouve

analogous to that described In fig.29 Ieso1/1O>U. lW nature of the stream In

FT-1-6-5A+2- 9



the eceAatizng field, vhih crresponds to these temperalures, chagaes roe&1a1y

frcm the cheao t istios given in f1*3 to the ones given In f:Lel

In came t - 1=0C and I o a 0.6 a/6n2 the depedence z/1, f ( ) as an ancalcs,

character (dotted owve 3 In fig;6). Tis 'eon be wplaind by the Crgila at

slharply axweasued oscillations (flnotuations)V\O). In the zone at the eurv up to the

Se bove hee cof mtic a (SC 100 e) these oscillations with a frequency v % 320 km

ua-'e a e Udical.thamb also mhaSV27 noels 1idal nature (Illustratim I ftg.7).

,.Aey are ocnsiderably different fr m the observed by ux o oillation of tepwa y na-

a -theo at t very s t.3O and close to the flat sysWto of eleatoaes. On the

-t...r heM, at H> 32 e them oscillations acquie l a clearly ezWessed noe nare,

&z it is evideft frn latcWaxticu 2 fig7.

GRAPHIC NOT
:Kshi,. L~ REPRODUCIOLt

It in possble,- that matly in this camse ( t 20eC), ordi a i y puely qajltati-

ve, shauM toke place the desoSb ed in [ilnuohonia of diffusion in the man~etic

fiol durig inte'aoti n of osoillaty nae and with hyprbolic depend nce De a

f l(). 1iese rPnsncvmh-iwc do..take place ha.e, are IM eI cmplex, and it in alo

evident from fi&e8 her the family of stream heaacteatice is plotted in the deael-

orating field at t a 3200 and diffeient R (0-4 400.'29 80e-!39 210e-4), We do not

-ve at this mmnt sffici otly convincing wo¢ repawding the nature of thee facts

... that is vr we leave tUese qia ,es% unanswered

In f:ig9 are plotted dependences 1/1 upon I four the case t w 2 000 (Vp,,O.1

JTD-N6.1731A+210



Vipwhe Ut-400pand different catde temaaiuwe.u 'I am s a orultk gm *SW

6000eoted ith It Zoo a=. IWwespconm to 16 a U00% 10 a 0.U2 WIM20 223

362 . 0*09 a/O .3-IkM 22A0f Iu004 O e/M2 4 20M 7 0 4 3 A/JE2rS.- S

25WO% IeU. 444o. whAn am2w.ing ftess dpemdenows it in neesm to 1ncame

the edmcwpton dependences of the Abe ofrout current 10 upm 07 at t w 210eC

with mzsu at *j 11&00f and mbep rime at 220 % Tim Iton time Tee

2400ft oheacateizs the beginuag of noticeable esiu filmu deseptio from the *mg..

sten Liam, amd1 n2W00"K traNUsAii nto the fIe2W of total dewepti6m It Ga"

be amouni that WA 2. esaed to such a sate of the cathodeD which at the

h4bdm constant A Q13a/am2A%"eet obeecterizes the function of elctron atut

1.8a USY ive" contact diffesm of potentiasg relative to the anode AT .0
(00IusAMIcg that %m 1.8 ev). cumv 2 In'thim cane A - state qwbich In characterized

m 2.-0 eve 10004 Yku 0.2 ve am curves 3-0 at. A IL 120 a/=AI.&Aee 2 -stat. which is

chwAVOtCIesed by onstant valuzes 9fUL b2 v. loe~rk m 2.A vi all theme dafta are in

Perfect agreent with the knm data fer- the Ce-V systm

.44

A anc2Iwie at my"s Ig Iea um to a mass at iatuwaft"n camlxusin

lusat ct all it Is reealed t00 the slowe of wave 2. corresponds qiu2italdvely very

well with tse ftheete4aJ- a

AS.M



If It Is camaids'edthat the stream through the diods in jtortimsL to the ditto-

sian coefficient D. Aeftllyp Afjf to knmme then an the bests at emerf tOVMnl5

(2) vW investIVatin data it Is possible to desigoats % . and by it the effective

crown section of electron diffusion by cesium atom (6e It appeared to be egal

S.PWomite21 to 100 czC:4 at p a 1 nm Eg; these values are In quite good canfonnty

wit th e baie a~ In thin respect cu* Inverbtielicms correspond also

,Ath data of[9. i4] which wowed va~lily of f wnaila (2) for the case at mampolar

diffusion, of week electron streame in a transvese nagotic field* When chenging

over from ausve 1 to 2 we observed a slight rise in aurvetpioa1 for the case at

rise in. stream at iwaatioally unchanged conditionfhC9).

The ahanoi over from eve 2 to 3 is interesting by the fact.9 that In this came

at unchmZnWhd 3;0 and a ( at 144 9) p, there Is a. sharp rime In contact difference act

Potentials AVE. The path ofths cumv Is sharply different from 2 - curve 3 rins

£,!&xpl upwards as result of the. shove mentioned transition from quesivacuum to arc

mods at operation at which In the volume originates intensive Lvwaat ianization.

Qzrve )& analogous to curve MI fig 2 and curve 6 fig6. FIMM7 . .e5. flg&9 with

the rise In H no longnr ban a imnn4 apprently, as resuLk of the fact, that In

'ini case already from the very begdining there In a satunan stream and the poop

;mtilndm In entirely absent*

it Is evident fro abov sta ted, than at anslyils at physical. janomnnvhIch do.

.nterest ns, Is actuially complicated by the fact, that by the vezy ecMicated effect

at the magne tic field on the diffusion of electrons there in stillI an additional

diffioullyg insufflieia*y controlled, inlence of Ionization phennns in vdbo~u

In accordance wiLth farala (1) rsc anal~zing the stream la the dioe. it in necessary

to chapg ovw to direct analysisato the diffusion coefficient %o For this Vpose

it it also necessary to utilIze the wobe method considered by us beforsf*
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Figure 9. Figure 10.

This method allows to determine the distribution of charge concentrations ne = np

and, it means, also their dx gradient. Unfortunately, such measurement in a magne-

tic field are complicated by the fact, that in this case can be utilized only ions

of a part of the probe characteristic. Among other things during operation in our

system of cesium fill coating the jjrobE becomes heated somewhat (6) and because of

this it can produce its own thermoelectron emission. This thermo electron

emission may actually change the measurement results of relatively small ion

of a negatively charged probe and in this way to a large extent hamper similar

measurements. Because of this, we could not carry out systematic measurements

of this type and we are compelled to confine oursolves only to cases when

we succeeded in distributing the thermoelectron and ion streams of the probe. The

concentration of charges was determined by the ion particle characteristic

using the Langmuir method with the "attachment" of data obtained here

at H = Oto data obtained from the electron part.

FTD-TT-63-351/1+2 13



A feliotous emaml. of similar masremunts fo the case of eurve 5 f1899 ioe

at t 0 210cc, T. n 2550% 1, 1.27 a=2 in sale 3? ( 3 ,ive nf&D

The straight 1n Z correspaund to I a 0, Z/10=4 Z), 12o o 4 l - 1, III - I

400 as X/2e , 0.7. fte solid straIgt Lia pertain to the ase when the feeler is

at a distaneo a - 2 m fran te anode, dotted Line - tor the case vhen A a Og5 ms

to each guaip of straight lines correspo s a ntural scale along the axes of the

rdinates. It Is evident frcA the dramin& thats 1) in oo on ,sity with the theory

the dependence n f (V3) bait a rectilinear nature; as the anp3ar coefficient can

be desated the concentration of charges X9 *biah has here conventional waEs ;

2) value up ceniss In the am msca as stream I4i eV se aes cuverge in cases

cc curves xI n and are malear In case of cure =1g 3) during the connection of

a sufficient nmaetic field there Is a certain ecmtaftmi. of the p aUm; )fln

the Intmelatdo of streoms and va2sxa obtained from investigatiom were desiog

nated according to forma (1) the ratios of diffusio coefficients at H- 0 and

I.m 400 a ^D 0 r 041 theme values do not oarrespooM to frmula (2).

In this way, the pbpsie data obtained in this invest ation caracterise favor

ably certain behavioral features of our died* with ceslm vapors in the mue.tio

field as a su.fficintl y close model of a thenmo electron ener transform,. It is

parteular2y possible to point towanrd the fat that If in the fature Waetical trans-

formers of curreant tpe with oesium vap rs will be capable of foontiing in &Te

condition* which Is wuite iobabLoe then the Influence of the sigen mgnefto field

will br Insiificant* In connection with t"i the possibili1ty

of ut1±iz not a very large cater anetic field fo direct btan of AC car-

rent in the transformn of muh tVp. will* appaentlysalso be qute 1i4td

IAterature
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